Summary.
Sex-differences and changes during the oestrous cycle were quantitatively studied by electron microscopy in the mouse anterior pituitary. Sex-difference:
The population of STH-cells and gonadotrophs showed a higher value in males than in females, while that of LTH-cells was lower in males. It is well known that the anterior pituitary secretes six different hormones each of which has a respective target organ or tissue. Based on the viewpoint that each hormone will be produced by an independent type of cells, since the era of the light microscope, many efforts have been made to classify the adenohypophysial cells (ROMEIS, 1940; PURVES and GRIESBACH, 1951 a, b; HALMI, 1952; SANO, 1958; HERLANT, 1960) . With the advent of the electron microscope, such a classification has been rapidly developed in rats and mice, though there is a doubt in the identification of ACTH-cells (FARQUHAR and RINEHART, 1954a, b; HEDINGER and FARQUHAR, 1957; SANO, 1962; BARNES, 1962 BARNES, , 1963 SIPERSTEIN and ALLISON, 1965; KOBAYASHI, 1966, 1969; KUROSUMI and OOTA, 1966; YAMADA and YAMASHITA, 1967; DINGEMANS, 1969; SIPERSTEIN and MILLER, 1970; PELLETIER and RACADOT, 1971) . Since electron microscopy reveals only a few parts of an organ or tissue, it is difficult to understand the functional state of the entire organ at a glance. An attempt to overcome this difficulty by a statistical analysis on electron micrographs was introduced by the present author (SANG and SASAKI, 1971) . Using the same method, the present paper will report observations on the sex-difference and the change during the oestrous cycle of females in the mouse anterior pituitary.
Materials and Methods
Male mice of 60 days of age and virgin female mice of 60 to 70 days of age of SMA strain were used. Male mice were sacrificed at 60 days of age. In females vaginal smears were daily tested at 10:00 a.m. and the animals which showed at least two consecutive 5-day-cycles were used. These mice were killed at noon on the days of oestrus, metoestrus and dioestrus, and at noon and 4:30 p.m. on the day of pro-oestrus. Pituitaries taken from these animals of both sexes were cut in the midsagittal plane. One half was discarded, and the other half of each pituitary was diced into six pieces under a binocular stereoscope as shown in Figure 1 . All the blocks obtained were fixed by immersion in 1% osmium tetroxide (PALADE, 1952) for 1hr. After fixation, they were dehydrated in a series of acetone solutions and embedded in Epon 812 (LUFT, 1961) . From each block of tissue a section through the approximate center of the block was cut on Porter-Blum ultramicrotome (MT-1) equipped with glass knives, and mounted on a 250-mesh copper grid. Sections were doubly stained with 2% uranyl acetate and complex-lead solutions (SATO, 1968) and were observed with a JEM-T 7 electron microscope. By the method of WEIBEL et al. (1966) , a single electron micrograph was taken for each meshwork, at a given location (Fig. 2) , of the grid at the magnification of 1,700 times and the prints were enlarged to a final magnification of 5,100 times. All cells provided with the nucleus on these electron micrographs were classified into STH-cells, gonadotrophs, LTH-cells, TSH-cells, ACTH-cells and chromophobes. SANO (1962) and BARNES (1963) . These types of cell were easy to identify by the shape and appearance of their secretory granules (Fig. 3) . Gonadotroph (FSH-cell and LH-cell):
Gonadotrophs were differentiated into LHand FSH-cells in the mouse (BARNES, 1963) and the rat (FARQUHAR and RINEHART, 1954a; KUROSUMI and OOTA, 1968) . In the present study, many gonadotrophs could be classified into LH-and FSH-cells from the general appearance and the characteristics of their secretory granules. However, some cells, which contained few secretory granules or had a scanty cytoplasm on the micrograph, were difficult to differentiate. Since this made the statistical analysis meaningless, in the present paper gonadotrophs were not divided into these two cell classes. That of LH-cell, also based on 1000 measurements, had a size-range of secretory granules, the differentiation between these two cell types was not difficult (Fig. 3 ). ACTH-cell: ACTH-cells were identified by the criteria of KUROSUMI and KOBA-YASHI (1966, 1969) , KUROSUMI and OOTA (1966) YAMASHITA, 1967; KUROSUMI and KOBAYASHI, 1969) . Then, in the present study, the latter fixation method was used. Chromophobes: Chromophobes are the cells that contain no or few secretory granules in the cytoplasm. Follicular cells, which had first been identified by FARQUHAR (1957) , occupy large parts of the chromophobe cell number.
Unclassified: "Unclassified" means the cells which were difficult to classify due to the paucity of their cytoplasm on electron micrographs.
The following abbreviations were used in the present paper: STH-cell (somatotropic hormone producing cell), FSH-cell (follicle-stimulating hormone producing cell), LH-cell (luteinizing hormone producing cell), TSH-cell (thyrotropic hormone producing cell), LTH-cell (luteotropic hormone or prolactin producing cell), ACTHcell (adrenocorticotropic hormone producing cell), LH (luteinizing hormone), FSH (follicle-stimulating hormone), LH-RF (luteinizing hormone-releasing factor), FSH-RF (follicle-stimulating hormone-releasing factor), PIF (prolactin inhibiting factor).
Results

The population of adenohypophysial cells
The population of the five types of granular cells mentioned above and of chromophobe cells was presented in Table 1 . A marked sex-difference was observed in STH-cells, gonadotrophs and LTH-cells.
Populations of STH-cells and gonadotrophs in male mice were clearly higher (P<0.001) than those in females, while that of LTH-cells was lower (P<0.001) in males. The population of TSH-and ACTH-cells showed a little higher level in males. Chromophobes revealed no sex-difference.
During the oestrous cycle, STH-, TSH-and LTH-cells and chromophobes showed a slight fluctuation.
STH-cells were more numerous in the stages of dioestrus and pro-oestrus, and less in oestrus and metoestrus. On the contrary, the number of LTH-cells showed a higher value in oestrus and metoestrus than that at 4:30 p.m. of pro-oestrus and in dioestrus. TSH-cells were higher in number in oestrus than at 4:30 p.m. of pro-oestrus.
The number of chromophobes revealed a lower level at noon of pro-oestrus, and a higher at 4:30 p.m. of pro-oestrus and in oestrus. Table 2 showed the volume or size of each type of cells. There appeared to be no significant difference in the volume of all types of cells between males and dioestrus females. As a rule, a sex-difference was observed between males and oestrus females.
The volume of adenohypophysial cells
The volume of STH-cells and gonadotrophs showed a significantly larger value (P<0.01) in males than that in oestrus females. On the other hand, the volume of LTH cells was significantly smaller (P<0.05) in males ( Table 2) .
The volume of gonadotrophs was found to be largest at noon of the day of prooestrus, and rapidly decreased in the afternoon of the same day to reach the lowest level which continued during the days of oestrus and metoestrus.
Then the volume increased through dioestrus to approach the level of pro-oestrus (Table 2) . TSH-cells showed a cyclic variation in volume similar to that in gonadotrophs.
However, the volume of TSH-cells showed a more slowly decreasing curve from pro-oestrus to metoestrus (Table 2) . LTH-cells were found to fluctuate similarly in the volume to TSH-cells during the oestrous cycle. The volume of LTH-cells was larger in prooestrus and smaller in metoestrus and dioestrus (Table 2) . ACTH-cells which were LTH-cell: On the days of pro-oestrus to metoestrus, LTH-cells frequently showed a series of figures suggestive of exocytotic granule-release; reduction in electron density of secretory granules, enlargement of a clear halo around the dense core of granules, fusion of the granular membrane with the cell membrane and presence of the dense core of secretory granules in pocket-like invaginations of the cell membrane (Fig. 4) .
In dioestrus females, however, such a granule-extrusion process was seen in only a few LTH-cells.
Many LTH-cells had generally a well-developed Golgi zone containing abundant Golgi vesicles, some of which were loaded with electron dense materials, and many small immature granules.
These cells were usually provided with the well-developed rough-surfaced endoplasmic reticulum showing a parallel array (Fig. 5) .
In male pituitaries, LTH-cells were found, as a rule, to have poorly developed cell-organelles and smaller and fewer secretory granules when compared with those of any stages of the female cycle.
Gonadotrophs: During the oestrous cycle, gonadotrophs did not show any fluctuations in population (Table 1) . However, they showed a cyclic change in the From the density of their granulation, gonadotrophs provided with the nucleus on the electron micrographs were divided into three classes (densely-granulated, moderately-granulated and poorly-granulated cells) by the criteria shown in Figures 6 to 11 . The population of these cell classes was represented by a percentage (Table 3) . Densely-granulated gonadotrophs were numerous in the stages of dioestrus to pro-oestrus, and rapidly decreased in the afternoon of prooestrus. Then they gradually increased in number through oestrus and metoestrus, and returned to the highest level during dioestrus and pro-oestrus.
On the other hand, poorly-granulated cells showed a reverse relation in number when compared with densely-granulated ones.
The present results show a clear sex-difference in the population of STH-cells, gonadotrophs, and LTH-cells. Disc electrophoresis (JONES et al., 1965) revealed that growth hormone was more abundant in male rat pituitaries than in females and immunohistochemistry (BAKER et al., 1969 ) also clarified that STH-cells were more numerous in males. Also, in the present data, the population of STH-cells is larger (P<0.001) in males than in females. But DEKKER (1968) reported no sex-difference in the number of STH-cells in the hamster. This may be due to the species difference.
BARNES (1963) observed that LTH-cells were more numerous in females than in males. This was also the case in the hamster (DEKKER, 1968) . Prolactin was more abundant in female rats (JONES et al., 1965 ). The present data shows a higher population of LTH-cells (P<0.001) in females than in males.
On the other hand, gonadotrophs were observed more frequently in males than in females in the mouse (BARNES, 1963) and the hamster (DEKKER, 1967 (DEKKER, , 1968 , and then pituitary gonadotropin content showed a more abundant level in male rats . In the present study gonadotrophs are also more numerous (P<0.001) in males than in females.
When the volume of granular cells is compared, there is no significant sexdifference between males and dioestrus females in any of the types of cells examined. However in oestrus females, STH-cells and gonadotrophs are significantly smaller (P<0.01) than in males and LTH-cells show a reverse relation (P<0.05).
There is no doubt that oestrogen and androgen play an important role in the appearance of the sex-difference mentioned above in the adenohypophysis. Oestrogen resulted in a reduction of pituitary content of FSH and LH HOOGSTRA and PAESI, 1955; PAESI and DE JONGH, 1958) and influenced the pituitary content of prolactin and growth hormone (JONES et al., 1965) . Oestrogen treatment caused an increase in secretory activity of LTH-cells (RATNER et al., 1963; WATARI and TSUKAGOSHI, 1969) and in lactogenic hormone content of pituitaries (REECE and TURNER, 1936; HYMER et al., 1961) and occasionally brought the appearance of pituitary tumors (WEIL and ZONDECK, 1939; NELSON, 1941; ZECKWER, 1944) . On the other hand, androgen resulted in an increase of pituitary content of FSH (HOOGSTRA and PAESI, 1957) . The present data regarding the sex-difference may be a manifestation of the influence of these sexual hormones.
Changes in the female pituitary during the oestrous cycle
In this study, STH-cells, LTH-cells and chromophobes show the cyclic fluctuation in population.
This cyclicity may be due to the change in their volume. SCHWARTZ and BARTOSIK (1962) reported that pituitary LH content showed a lower value in oestrus and metoestrus and a higher in dioestrus and pro-oestrus, and that a marked fall in pituitary LH content took place at the time between pro-oestrus and oestrus. On the other hand, plasma level of LH was lowest in dioestrus and highest in the afternoon of pro-oestrus (RAMIREZ and MCCANN, 1964; NALLER et al., 1966) . The highest level of plasma LH reached to 50 times as much as that in the other stages of the oestrous cycle (MONROE et al., 1969) . In addition, LH-RF in the median eminence showed the highest level in the afternoon of pro-oestrus and the lowest in the morning of oestrus (RAMIREZ and SAWYER, 1965) . As regards FSH, it was reported that pituitary FSH content rapidly decreased in the late afternoon of pro-oestrus as in the case of LH (GANS et al., 1964; CALIGARIS et al., 1967; MCCLINTOCK and SCHWARTZ, 1968; GOLDMAN and MAHESH, 1968; NEGRO-VILAR et al., 1970) . At the same stage plasma level of FSH was higher than in the other stages (MCCLINTOCK and SCHWARTZ, 1968) . Hypothalamic FSH-RF was at a higher level in dioestrus and in the morning of pro-oestrus and lower in the afternoon of pro-oestrus and in oestrus (NEGRO-VILAR et al., 1970) . GOLDMAN and MAHESH (1968) reported that the release of LH and FSH from the anterior pituitary took place simultaneously and that pituitary LH and FSH content was found to decrease by 50% between the morning and the late afternoon of pro-oestrus.
In agreement with these data obtained by hormone bioassay methods, the present data shows cyclic fluctuations in the volume and the granulation of gonadotrophs. Namely, the volume of gonadotrophs is highest at noon of pro-oestrus and rapidly decreases in the afternoon of the same day to reach the lowest value. The density of the granulation of gonadotrophs also shows a rapid decrease during the same timecourse. During oestrus and metoestrus, though the volume remains in the same level as that in the late afternoon of pro-oestrus, the density of the granulation increases gradually.
During dioestrus and the morning of pro-oestrus, gonadotrophs return to the highest value in volume and granulation.
From these observations it is assumed that granule-release of gonadotrophs may occur mainly in the afternoon of pro-oestrus and that granule-formation and granule-accumulation may proceed in the period from oestrus to noon of pro-oestrus.
Pituitary prolactin content was more abundant in pro-oestrus and oestrus than in dioestrus, while hypothalamic PIF was at a higher level in dioestrus (SAR and MEITES, 1967) . Serum prolactin level showed a cyclic change which was highest in oestrus and lowest in dloestrus (AMENOMORI et al., 1970) . SHIINO et al. (1972) reported that LTH-cells frequently showed the granule extrusion in oestrus rat, but rarely in dioestrus, and that the serum prolactin level in oestrus was higher than that in dioestrus.
In the rat, pituitary TSH content showed a cyclic fluctuation which was most abundant in pro-oestrus and least in oestrus (NEWCOMER and BROWN-GRANT, 1971 ). Blood TSH level was highest in oestrus (SOLIMAN and BADAWI, 1956; BOCCABELLA and ALGER, 1967) . The activity of thyroid changed during the oestrous cycle: lower in pro-oestrus and higher in oestrus (BOCCABELLA and STUELKE, 1960) and lower in dioestrus and higher in oestrus (BROWN-GRANT, 1962) .
In the present study, the volume of LTH-cells is larger in pro-oestrus and smaller in metoestrus and dioestrus.
LTH-cells frequently show the exocytotic figures of their secretory granules in oestrus, but rarely in dioestrus. Moreover, the volume of TSH-cells fluctuates during the oestrous cycle: larger in pro-oestrus and smaller in oestrus and metoestrus.
The cyclic changes in the volume of LTH-and TSH-cells may be a morphological manifestation relating to the cyclic fluctuation in the pituitary content of their respective hormones.
The volume of ACTH-cells shows a higher value in pro-oestrus than in other stages of the oestrous cycle. Significance of the fact is not clear at present.
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